
UNCLASSIFIED

AD NUMBER

AD835147

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 1965. Other requests shall be
referred to Department of the Army, Fort
Detrick, Attn: Technical Releases Branch,
Frederick, MD 21701.

AUTHORITY

Army Biological Labs ltr dtd 6 Aug 1968

THIS PAGE IS UNCLASSIFIED



TRANSLATION NO./ 2

DATE:

N'-

DDC AVAILABILITY NOTICE

Qualified requestors may obtain copies of this
document from DDC.

This publication has been translated from the
open literature and is available to the general
public. Non-DOD agencies may purchase this
publication from the Clearinghouse for Federal
Scientific and Technical Information, U. S.
Department of Commerce, Springfield, Va.

121:: dcri:-..t - .4;> t. I :,.:rt controls and each
t•n.~'itt t i...', D'"'7::'t• or 1ceaein r atlonnis may be

aade ouky with prior -.p-;rovaj of

DEPARTMENT OF THE ARMY

Fort Detrick
Frederick, rland 1

5-. .

13i



PLEASE DO NOT FOLD
.0

Tra•nsla.',ed by -,;e No. 12-17-65
TlranslatinC; Unit

L"i)rarnJ Branch
Division of Research Services
Lational Institutes of Health
Bethesda, 1.-aryland
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A study of the correlation between the pathogenicity
of viruses of the tick-borne encephalitis group for animals
and peculiarities of their multiplication in the organism

Second Report

Use of the fluorescent antibody method to detect
an uninfective viral antigen in the organs of
animals infected with the i."alayan Langat virus

(TR-21)

o by
V. V. Pogodina and Kahn' Shi-tsze

The Malayan Langat virus (strain TR-21) is known as the virus
of the tick-borne encephalitis group that is least pathogenic for
man and for various experimental animals under natural conditions.
In this connection, it is reGarded as a candidate for use as a vaccine
strain in the development of a live vaccine (4, 5) and has already
been approved for use in human beings (3). The weak cerebral
pathogenicity of strain H-21 is associated with low virulence when
it is introduced peripherally and weak viremia in sensitive animals
and hunan beings (3, 6). The other aspects of the pathogenesis of
infestion with the Malayan Langat virus have been studied to a very
inadequate extent. The aim of the present investigation was to study
the characteristics of the multiplication of strain 7R-21 in sensitive
animals infected subcutaneously.

Material and method

Virus. We used a variant of strain TR-21 adapted to mouse
brain. 'he titers of the strain when inoculated into mouse brain
were i0°.1±0.23, in hamsters 1,.1LD o/O.03 ml, when inoculated sub-Q cutaneously into mice, 10 . 1'',in hamsters, 101 LD'50o/0.25 ml.
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Animal inoculation. The experiments were performed on mice
weighina 7-8 g from the Moscow breeding station and Syrian hamstersweighing 40-60 g. In some few experiments we used piglets 3-5 weeks

old.

The mice and hamsters received the virus-containing material
subcutaneously in the region of the nape of the neck in a dose of
0.25 ml.; the piglets received 1-3 ml under the skin of the thigh.

The infectivity of the virus was determined by means of
cerebral titration in mice (inoculation with 0.03 Zl) according to
the development of experimental encephalitis in them. Each dilution
was administered to 4 mice.

In order to study the characteristics of the multiplication
of strain TR-21, we used the immunofluorescence method (the Coons
Etr.: sp.?] direct method) as described in the first report.

Results

In mice inoculated subcutaneously with a dilution of 10-3,0 equivalent to 1000 cerebral LDl0, the viral antigen was detected
during the first 48 hours in te subcutaneous tissue at the site of
injection and in many visceral organs, and it also appeared in various
parts of the central nervous system within 3 days after inoculation.
As we see from Table 1, the specific fluorescence appeared in the
extraneural tissues in a definite sequence: it was first seen in the
subcutaneous tissue at the site of inoculation, in the spleen, and
in the regional lymph nodes (first day), later (2nd-3rd day) in the
collateral lymph nodes, liver, and intestine.

A weak specific fluorescence was discovered in the subcutaneous
connective tissue 6 hours after inoculation. The glow was localized
largely in the intercellular space and appeared only in single cells.
By the end of 24 hours, a distinct cellular localization of the viral
antigen was noted, and a considerable number of cells glowed (up to
4-5 per visual field). The intensity of the fluorescence gradually
increased, and it assumed the character of a distinct yellow-green
glow, diffusely disseminated in the cytoplasa of the cell. The back-
ground remained dark and did not fluoresce (Fig. 1).

In the lymph nodes and spleen, the viral antigen was localized
in a large number of cells, chiefly of the medullary layer. In the
intestines gloving cells were seen in the stroma of the villi and
fluoresence was sometimes seen in muscle fibers of the submucosal
layer. Specific fluorescence was observed less commonly in the liver
than in other internal organs.
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A localization of the viral antigen in many cells of the
extraneural tissues was also noted in the Syrian hamsters inoculated
subcutaneously either with a 10l vrus dilution, with which a few of
the animals fell ill, or with a 10-3 dilution, with which none of the
animals became ill. The fluorescence spread in the sequence described
above and was detected as regularly as in the mouse experiments in the
subcutaneous tissue at the site of the injection and in all the internal
organs that were examined: lymph nodes, spleen, intestine, and liver,
beginning from the 1st and up to the 5th day after inoculation (Fig. 2).

In 2 piglets inoculated subcutaneously with 5 ml of a 10% suspension
of strain TR-21, the viral antigen was also discovered in various
visceral organs: in the regional and mesenteric lmph nodes, liver,
and intestine (Fig. 3).

The regular discovery of viral antigen by the fluorescent
antibody method in the extraneural tissues of various animals appeared
somewhat inconsistent with the low infective titers of the virus in
the same organs. The rather distinct glow gave the impression of a
considerable concentration of viral antigen in the organs, but titration
of the virus in fragments of organs from these same animals dil no•00reveal any infectious virus at all or gave only low titers: 10 -10
LD /0.03 ml (Table 2).

The same kind of discrepancy between the results of demonstration
of the virus by the fluorescent antibody method and by its infectivity
was observed in studies of various segments of the central nervous
system in mice, hamsters, and piglets inoculated subcutaneously.
Speci'ic fluorescence was noted regularly, despite the fact that the
doses used were nonpathogenic or only slightly pathogenic for these
animals and the infectious titers in the brain tissue were extremely
low: 10ol-0l"5 LD 0/0.03 ml or absent entirely. Table 3 Juxtaposes
the findings as ;2 detection of the virus by immunofluorescence and
infectivity in the central nervous system in mice, hamsters, and piglets.

The unexpectedness of the results thus obtained led us to study
the activity of multiplication of the TR-21 strain in the central
nervous system in animals as compared with tl~e highly virulent Khab-17
strain of the virus of Eastern tick-borne encephalitis, which has a
high peripheral activity (9). A count was made of the number of
glowing nerve cells in horizontal sections of mouse brains on the E-F
level according to Stel'masiak's atlas (10). All experimental conditionswere identical for the two strains. The mice were inoculat*d sub- Icutaneously with doses equivalent to 1000 cerebral LD. 0
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With this dose, the Khab-17 strain caused the death of 69%
of the infected mice (20 out of 29), while the TR-21 strain killed
only 221; (6 out of 27) or less. A comparison was made of the
infective titers in the brain and the mean number of Slowing nerve
cells in one field of vision 3, 4, 5, and 7 days after the inoculation.
The number of glowing neurons was counted without taking into considera-
tion the cells of the microglia. In order to standardize the area
of the cell count, we used a frame that was inserted into the ocular
of the lateral sight of the luminescence microscope. We used an
ocular with a 5 fold magnification and a frame designated for 3X
magnification. The absolute dimensions of the counting area were
determined with the aid of an objective micrometer with 0.01 mm
divisions. With a 9OX objective, this area was equal to 0.0117 sq mm.
The count of the glowing nerve cells was made in 20 (sometimes 10)
neighboring areas of the section demarcated by the frame described
above, after which we counted the mean number of infected cells in
one field of vision (in one frame).

We see from Fig. 4 that strain TR-21 infected a large number

-of cells, from 8 to 17-18 in a field of vision with an area of 0.01
sq mm. The same or only a slightly larger number of cells glowed in
the material infected with the virulent Khab-17 strain (16-23/0.01 sq mam).
At the same time, the difference in the infective titers was very
great: the titer of strain Khab-17 reached 104-5 LD 0/J0. 03 ml or
more, while the titer of the TR-21 strain even at tie time of the
most intense fluorescence (5 days) did not exceed 102 LD /0.03 al.
It should be noted that fluorescence was always absent f;n the
control preparations.

A similar experiment performed hamsters gave similar results.
The brain tissue contained almost no mouse-infecting virus (titer
<401 LD /0.03 ml), while the number of rlowing cells was substantial:
9.1+ i.190.01 sq mm after 2 days, 1211.6/0.01 sq mm after 3 days, and
12.8±1.6/0.01 sq mm after 5 days.

A large number of glowing nerve cells were discovered in sections
of the brain and spinal cord of piglets, with an extremely low
infective virus level in the brain tissue (Fig. 5).

A morphologic study of fragments of brain and spinal cord from
hamsters and piglets, performed by A. P. Savinov, did not reveal any
substantial histopathologic changes.

Discussion

The pathogenesis of the infection produced by subcutaneous
injection of the Malayan TR-21 strain, weakly pathogenic when inoculated
Intracerebrally and especially peripherally, was studied in experiments



performed on mice, hamsters and piglets.

One of the characteristics of the multiplication of this strain
is i. pronounced viscerotropicity. The viral antigen was regularly
demonstrated by the fluorescent antibody method in a large number of
cells in the subcutaneous tissue at the site of inoculation, in lymph
nodes, and in various internal organs (spleen, liver, intestine).
Another characteristic is its neurotropicity. Regularly penetrating
into the various segments of the nervous system in the experimental
animals even when small doses are usec, the TR-21 strain infected
almost the same number of nerve cells as did the highly virulent
Khab-17 strain, that is, uP to 17-18 cells/O.Oi sq mm.

A third peculiarity of the multiplication of the TR-21 strain
was the deviation of the indices of infection of cells (on the basis
of the inmmunofluorescence data) and the levels of the infective virus
contained in them, which were Petermined by cerebral titers were low,
from untitratable values to 10 LD5 /0.03 ml.

These studies revealed a discrepancy among the results of the
investigations of the infected animals by various methods: clinical
(development of experimental encephalitis), virological (discovery of0 uninfectious virus in organs), and immunochemical. In those cases in
which the virus was undetectable or almost undetectable by the first
two methods, the fluorescent antibody method regularly revealed the
presence of the viral antigen in the various tissues.

S. Ia. Gaydamovich, A. I. L'vova, and i. G. Titova studied the
model of the tick-borne encephalitis virus and showed that there is
a certain regularity in the dynamics of the appearance of the infective
virus and various antigens in the tissue culture. The infective virus
appeared at the start, the fluorescence in the cells always appeared
later, and only then was it possible to detect the complement-fixing
and hemagglutinating antigen in the cell extract and culture liquid
(2, 7).

In our experiments with strain TR-21, we observed an inverse
between tne appearance of infectivity and of luminescence, so that it
would appear that with the immunofluorescence method we have detected
in the organs of the animals a nonspecific viral antigen, just as
V. M. Zhdanov et al. (11) and A. G. Bukrinskaia (1) detected an
incomplete Sendai virus in tissue culture by the use of the luminescence
microscopy method.

There could be no doubt of the specificity of the glow
discovered by us, in view of the agreement of the results of repeat-d
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experiments, the absence of fluorescence in the control preparations,
and the definite dynamics of the appearance of the glow. There is
also some indirect evidence in support of a correct appraisal of the

results obtained by us:

(a) an additional check applied in the course of the study:
the absence of fluorescence in animals inoculated subcutaneously
with the Fateev strain under the same experimental conditions (see
First report);

(b) the satisfactory immunogenic properties of strain TR-21
in cases of subclinical infection and tne absence or very limited
character of viremia in the inoculated animals. Thus, strain TR-21,
which was found to be nonpathogenic for sheep when administered
intracerebrally and subcutaneously, gave rise to the formation of
humoral immunity and resistance of the brain tissues in these animals
to subsequent intracerebral inoculation with lethal dose of the
Sol'in strain (5). Similar results were obtained with inoculation
of goats with the TR-21 strain (6).

Our further studies will entail attemps to detect the non-
infective viral antigen not only by immunofluorescence but also by
other serologic methods.

A comparison of the findings obtained here with the results of
a study of the peculiarities of the multiplication of the Fateev strain,
as described in the First report, indicates that the veak virulence
characteristic of the TR-21 and Fateev strains when they are introduced
subcutaneously may be attributable to different mechanisms. In one
case (Fateev strain), it is caused by the low viscerotropicity of
the strain, in the other (TR-21 strain) in spite of the low virulence
with peripheral inoculation, there is infection of the cells of many
of the internal organs and of the central nervous system, although
the viral antigen that was formed was not infective and could not be
discovered by the clinical method.

Conclusions

1. The use of the fluorescent antibody method made it possible
to establish the pronounced viscerotropicity and neurotropicity of the
Malayan Langat virus (strain TR-21), despite its weak pathogenicity
in intracerebral and particularly peripheral inoculation of various
species of susceptible animals.

2. One peculiarity of the pathogenesis of the infection
produced by the T-21 strain is the disparity of the values for

o infected cells (according to the immunofluorescence data) and their

infective virus content. The viral antigen was detected in many colls



in the extraneural tissues and central nervous system where the
infective virus was entirely absent or present in only very sa-11
amounts.

Engl1ish Suz~aary

By the fluorescent antibody method a mark.ed visecrotropy and rteurotropy of the
Malaya Langat virus (TR.21 strain) could 'be established despite a weak pathogenicity o1
the virus fOr various animals inoculated intracerebrally of peripherally. The peculiarity.
of the pathogenesis of infection induced by the TR-*21 strain consisted in the discrepancy
between infection signs in cells (according to immuno fluorescence) and the content of
virus infective for mice therein. In many experiments carried out with mice, hamsters
alid pigs, the virus antigen, though o1 very tow infectious titres, was demonstrable in
many nervous cells. It is suggested that a low virulence of some viruses of thi" group,
with peripheral inoculation, may be due to a weak viscerotropy of a strain or to the (or-
mation of noninfectious virus.

Bibliography

1.51 pu aucti a A. r.. Bonp. siipycoa.t. 1962. Ne? 2, ctp. 140.-2. r aA~la mo-
i 4C. l. AIb ao sa A. H1.. Kq it ile H Ko0 C. M. Taxi we 1961, Me 4. cyp. 39%.-

13. Ha t b el iO x 8 . W1. CM 0oP 0A uiti ue a A. A. B Kit.: Kiietcuaot 3l1ucCP.1tlT it Apyrime
&j;6opaupyciiC ilpe ui~~lint. M.-Mmlicx, 1962, cTp. 18-4. A eDa o0 aii E. H.. for o-
A a it a 8. B., K a p noa oi o 11tj. r. TOChlci zoK-i. %iemgo6iac-rloAii ayqiio-npaxrii'IecKoA KOH-
*lepellumu no aptipoaiioqatroebms 1ueuIM Tioxcimi. 1961, cUp. 82. - S. Ac ax o.

M14 E. H.. floro~tiiia B. B., Pmaxona 0. E. B KKt.: K.rieutenorl 3,nue4iaarnr H4 spv-
rile ap~opnimpycnube lllloeKUH1l. M.-.MilcicK. 1962. cTp. 13.-6. .T1e BK 0B H I E. H..
nflOAsIIa B. B. Boap. Olipyco."., 1962. S2 2, CTP. 193. - 7. Jlbsoea A. H.
'I it T o1ba H. r'. Taxa xce, Xv 6, c~p. 665.-8. n or o AH ita B. B. B Kit.: KqeuteaoA sHue-
10afNT M Allrile ap6opsnpjycine uuijji4;c~ulu. M.-MmuicK. 1962. cTp. 20.-9. florOAH-
lis B.-B., A.. Kosii N . H.. Kap nOB H S A. r. B git.: flAnuoxinue.iHY, HeiloAHiomme
abqmbie 3inpoaupychi H K.;ieweiBoA )HiuetoamtiT. bl., 1961. CTP. 231 .- 10. C T)S A b M a Cx M. f
4111aTaMMUeeCHA aT~aac roAtoaioro H enluliloro1* M03ra. 13apwlata, 1956,-It. Zh d anov
V. M, 8u k r inslakay a A. G.. A za do va N. B., J. Immunol., 1961, v.897, p. 647.



V

2f

ii

o .-.

* . . L -

• , • o o +

-., -.-.-

Ci Ci i C i Ci~i

"" i C4s.4i - + t ti- - - 4#

-I_ -~ - U

CO 4

00 0

f-. Or ~ i 00 0

Ci #4 Ci £. - Z.



.0O -9.-
Legend for Figure 1

1 - organ
2 - period of observation (in days)
3 - 6 hours
4 - Subcutaneous tissue at site of injection
5 - spleen
6 - lyMh node:

cervical
axillary
inguinal

7 - liver
small intestine
large intestine
cerebrum

8 - spinal cord:
cervical
thoracic
lumbar

9 - Designations: denominator a number of organs studied; numerator -

number of organs with positive fluorescence;
number of plusses indicates intensity of glow.

Table 2
( Level of infective virus (in lg LD /0.03 ml) in organs of mice

inoculated subcutaneously with straYn TR-21 (io-3).

.. CPOK OGCMIAOUaIOII (B AKNX)

Opa'a 3I

non<owmau xit'aa a 3 c7e l <u I1 <1 1.5 2.0 1.25 1.6
Kpos. ........ ......... 0 tHe ucc.e-' 1 0 He mcc.i 3.0 0

I Ao0.3-/JJ1) I AomaaiI.:
•Ce.1e "Xa .... .. .• ...... . <1 1.37 ,<I < 1.75 3.0
* J110K13TII'IecxiIA YXeJ: 12 a .,,lsx~'. • ,iwiur . . .•• •. . . <1 1,2.5 1.0 <1 1.5 1.36

nO. WL•eq;Mh I........... ..... 0 0 1.45 1.0 2.0 1.0 <1
x A ... . . . ........ I < 1 1.33 <i1 1.0 1.0

neqes, . .. ....... . ".0 <1 3.0 <I <1 1.0
ToHbam hINUKa....... . .. 0 <I <I <1 1.32 2.0ro. HOh• o•or . ..... .... 0 <I <I <3 I .. <i

CnIWAV0 1.5 1.0 < < < I

Legend: 1 - organ
2 - period of observation (in days)
3 - subcutaneous tissue at site of injection
3 - blood

J.- spleen
5 - lymph node:

cervical
axillary
inguinal

S6- liver
7 - small intestine
8 - brain
9 - spinal cord
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Table 3

Frequency of discovery of viral antigen and infective virus in the
ccniral nervous system in mice, ihansters, and piglets inoculated
subcutaneously with sublethal doses of strain TR-?l.• ~ ~ ~ - -3,.o•• ouo.)l nOPO°A"S oo-"

%IwUM uIC~ XOWiAKU.410,3

Ov~eA IQeKrPaAbNOA KG@pW04 CUCUHO

ro.1o o, or ..... .. ... . 10'--103 ,/ < 10. 2/2 0-<101

Kop .I-+ . + 0K oPa ... ..... ....... .....- 1- . + 101
no.2koKa ........... - 0

A o3)K4K ... ... .. r+0
CnHHHIOiA M03 . . .. . hI a 10 -/0to &/ 10, /2 0-<101
WeA,.o, oTAe .... . . " + " + - 0

+ i A.. -<10,

p "+ + + 0

/1" 06 oa "K a '� e H H R , (). - .Iyopectte"211R. + HaJ1HHle JiyopeaeHul.; - OTCyTCInX

4tAyopecueKK .khI; 0- HH# K"HOIHHa-4 BipyC He onpeaAc.NeTCR; o m e.UH1-o He UCC.1c.10oamo;

3H 24SeHaie 6 - KOJqH,4ecTBo O CAIeAOsaHHWX opra1oa, qm rmu TeAb - -UIcJo opratoS. coAepw)A -

MNX RupyC¢ifh', aflH relH.

Legend: 1 - segment of central nervous system 9 - subcortex
2 - mice 10 - horn of ammon
3 - fl. 11 - cerebellum
4 - titer 12 - spiral cord.0 5 - hamsters 13 - cervical region
6 - piglets 14 - thoracic region
7 - brain 15 - lumbar region
8 cortex

16: Designations: fl. - fluorescence; + so presence of fluorescence;
- o absence of fluorescence; 0 = no infectious virus detected;
* - not studied separately; denominator - number of organs
studied; numerator - number of organs containing viral antigen.

Figure 1

Distinct specific fluorescence
].. in uubcutaneous tissue of

mouse at site of injection
3 days after inoculation
with strain TH-21 (io-3).
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Figure 2

Glow of cytoplasm of
cells in medullary layer

.* of axillary lymph node of
hamster 5 days after
inoculation with strain

* - TR-21 (10-). X270 (on the
• ,.left); on the right,

"* A control: section of lymph node
of uninfected hamster,
insignificant autoluminescence.

0 Figure 3

S.... -':"i "-""Fluorescence of cells in

• .stroma of villus of small

"intestine of piglet 5 days
after inoculation. X450
(on the left); on the-right,
control: absence of
fluorescence.
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SFigure

Detection of viral antigen

and infectious virus in Ltx
mouse brain after subcuttneou!;
inoculation with the Khab-17

strain or the T1-21 &train
(dlose - i.3 cerebral LD50?

I

Figure 5

I.. 4.

Kt 4N. Glow of nerve cells in the

region of the horn of Ammon of
the piglet magnif. 450X.

# 7 Abscissa - days; prdinate -

.jaa Fluorescence (mean number of
I glowing neurons per 0.01 sq

-Z mm) (above]; Infectivity
(log LD 5/0.03 ml) (below]

A4#

p. *DePorte, translator
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